Introduction
Approximately half of patients with muscle-invasive urothelial bladder cancer develop metastatic disease within two years after radical cystectomy (RC), resulting in a 5-year survival of roughly 50% [1] [2] [3] [4] [5] . Neoadjuvant administration of platinum-based combination chemotherapy has demonstrated a significant survival benefit compared to RC alone, leading to an improvement in 5-year overall survival (OS; 50% vs. 45%; 13% reduction in risk of death) with an absolute difference in disease-free survival of 9% [6] [7] [8] . Despite level 1 evidence and recommendation in international guide-short review lines, the use of neoadjuvant chemotherapy (NAC) prior to RC remains low.
Albeit, analysis of retrospective data does not show any difference between the currently used NAC regimens in terms of complete response and pathologic stage after RC [8, 9] , they have not been compared in prospective randomized phase III trials; thus, the ideal NAC regimen has not been established yet.
Overview of current treatment approach
Currently used different NAC regimens: MVAC (methotrexate, vinblastine, doxorubicin, and cisplatin) Dose-dense MVAC (ddMVAC) with granulocyte colony-stimulating factor (G-CSF) support and double the dose-intensity of cisplatin and doxorubicin, while reducing the dose of methotrexate and vinblastine by one third compared to classic MVAC GC (gemcitabine, cisplatin) CMV (cisplatin, methotrexate, and vinblastine)
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MVAC is the best studied regimen in the neoadjuvant setting. SWOG-8710 demonstrated a benefit for NAC with MVAC plus RC over RC alone with a trend in beneficial median OS (77 vs. 46 months) and 5-year OS rate of 57 vs. 43% (p = 0.06) [10] .
There are no published prospective trials evaluating ddMVAC in the neoadjuvant setting, but retrospective data imply that this regimen seems to be a reasonable option. ddMVAC has been reported to have less toxicity than MVAC with lower rates of febrile neutropenia and treatment-related deaths, resulting in fewer delays of administration and a reduction in time to surgery [10] [11] [12] .
As a result, this regimen has become more frequently used at some centers. Recently, Peyton et al. demonstrated superior downstaging rates for ddMVAC, over GC and gemcitabine/carboplatin with 52.2%, 41.3%, and 27.0%, respectively. Similar superiority was shown in terms of pathological complete response (pCR; ypT0pN0) with 41.3%, 24.5%, and 9.4%, respectively. However, the difference in OS did not reach statistical significance [13] .
Extrapolating from the metastatic setting, where the combination of GC has comparable efficacy with better tolerability than MVAC, GC has become the most commonly used regimen in the neoadjuvant setting for muscle-invasive bladder cancer, despite the lack of level 1 evidence in this setting [8] . Despite no significant difference in pCR rates between MVAC and GC, Yin et al. noted, in a meta-analysis, a significantly reduced OS for GC, which was still inferior but not statistically significant after excluding patients who received carboplatin-based combination chemotherapy [14] .
In summary, neoadjuvant cisplatin-based combination chemotherapy improves survival outcomes in muscle-invasive urothelial bladder cancer, but the optimal neoadjuvant regimen has not been established.
Additionally, NAC in urothelial cancer is still underutilized. According to the National Cancer Data Base (NCDB), only 19% (1619/8732 patients) receive NAC before RC. Although these patients had significantly higher pT0 rates after NAC, despite being lower than stated in the INT-0080 trial (13 vs 38%), the difference in pT0 rates did not translate into a clear survival advantage after adjusting for immortal-time bias.
Considering the fact that the NAC regimens used are not mentioned, these results have to be interpreted with caution. Diversity in clinical outcome might also be related to differences between patient populations included in clinical trials and the "real world scenario". Therefore, there is a medical need to define more precise selection criteria to determine who will benefit the most from neoadjuvant therapy [10, 15] .
Upper tract urothelial cancer
Considering the substantial risk of becoming cisplatin-ineligible after radical nephroureterectomy, NAC should also be discussed in the context of highrisk upper tract urothelial cancer (UTUC). While several clinical trials are on the way [16] , level 1 evidence for NAC in UTUC is still lacking. Matin et al. evaluated the incidence of pathologic downstaging and pCR in patients with high-grade UTUC. Significant downstaging in study group patients compared with the historic controls was described with 14% of patients showing a pathological CR [17] .
Randomized phase 3 trials are ongoing, while experiencing difficulties in accrual of patients, in part, because of the rarity of the disease [18] [19] [20] .
Despite the lack of level 1 evidence, the cumulative evidence suggests that NAC for locally advanced UTUC can improve oncological outcome. Nevertheless, prospective studies are needed to clarify the clinical benefit of NAC for patients with locally advanced UTUC, since there are divergent data on the significance of NAC in terms of OS benefit [21] . Clinical trials evaluating the use of neoadjuvant immune checkpoint inhibitors in high-risk UTUC are on their way [22] with the potential to increase the generally low acceptance of neoadjuvant therapy in urothelial cancer [23] .
Neoadjuvant immune-checkpoint inhibitors
The success of immune-checkpoint inhibitors (CPI) in metastatic urothelial carcinoma led to their application in the neoadjuvant setting. Three prospective phase I/II studies, indeed, examined the efficacy and safety of CPI in bladder cancer patients [24] [25] [26] .
Preliminary results of the ABACUS trial, a single arm study investigating two cycles of atezolizumab every three weeks in cisplatin-ineligible patients with muscle-invasive bladder cancer were presented at ESMO 2018. This trial includes 74 patients, of whom 59 received the planed two cycles of neoadjuvant atezolizumab. The pCR rate was 29% in all comers and was even higher in patients with PD-L1 positively tested tumors (40%). Significant progression of the disease appears infrequent and the majority of patients (67/74) underwent RC [25] .
The PURE-01 trial, which included patients with histological confirmed urothelial carcinoma ≤cT3b cN0, tested three cycles of pembrolizumab every 3 weeks before RC. The primary end point was pCR. Of 50 enrolled patients, 54% had cT3, 42% cT2, and 4% cT2-3N1 disease. Pathological complete response was achieved in 42% of patients and downstaging to nonmuscle-invasive disease in 54%. In patients with PD-L1 positive tumors, the pCR was even higher (54%) compared to the 13.3% in patients with PD-L1 negative tumors (n = 15). In addition, tumor mutational burden (TMB) was associated with pCR rates [24] .
The adverse events were similar to those in the metastatic trials and neither delay, nor failure to undergo RC was noted in both neoadjuvant CPI trials.
Recently, results from the NABUCCO trial have been presented at ESMO 2019. Patients with stage III urothelial cancer (cT3-4aN0M0 or cT1-4aN1-3M0) were treated with a sequence of ipilimumab and nivolumab. Primary endpoint was feasibility of resection (<12 weeks), secondary endpoints were pCR and safety. In this cohort of 24 patients, the preoperative combination CPI regimen, resulted in a pCR of 46 and 60% for allcomers and patients with PD-L1 positive tumors, respectively. A downstaging to non-muscle invasive disease was observed in 73% patients with PD-L1 positive tumors [26] . Despite showing very promising results with similar or even higher pCR rates compared to historic data of conventional cisplatin-based NAC, these studies require confirmation in larger randomized phase III trials. Of special interest are ongoing clinical trials evaluating the effectiveness of neoadjuvant application of novel combinations of chemotherapy with CPI and targeting agents.
Timing of surgery
Due to unavailable prospective data, there is uncertainty regarding the optimal timing of RC. However, RC should be performed as soon as possible following a patient's completion of and recovery from NAC. In multivariate analyses by Alva et al., performance of RC within 10 weeks after NAC did not compromise patient survival and, thus, provided a reasonable window for patient recovery and surgical intervention [27] .
Predictive biomarkers for neoadjuvant therapy
Urothelial cancer is a highly heterogeneous disease which results in unsatisfactory response rates when therapies are given in unselected patient populations. For several years the aim was to develop predictive biomarkers to improve response rates to systemic therapy in the neoadjuvant and metastatic setting-but, unfortunately, none of them has been validated in high-quality studies [28] .
Focused on molecular subtypes, potential therapeutic pathways have been proposed based on genetic signatures derived from data such as "The Cancer Genome Atlas" (TCGA) project. The analysis suggests that luminal-infiltrated and the subgroup basal/ squamous tumors might have best response to platinum-based NAC, while others may benefit more from targeted therapies (i.e., FGFR inhibitors) or CPI [29] . Retrospective analysis of independent patient cohorts revealed that patients with basal tumors have a superior outcome compared to other subtypes when neoadjuvant therapy for MIBC was given with the best response to cisplatin-based NAC [30] .
A randomized phase 2 trial presented at ASCO 2019, reported on the predictive value of regimen-specific genetic alterations based on co-expression extrapolation (COXEN) models. Eligible patients were randomized to receive either GC or ddMVAC. Although, each of the COXEN scores failed to prove its regimenspecific predictive value, the GC COXEN score was a significant predictor of response independent of the NAC regimen. The planned biomarker analysis from this trial will hopefully help us better define genetic alterations that could predict response to NAC [31] .
In terms of neoadjuvant CPI, PD-L1 seems to maintain a value as predictive biomarker. Indeed, results from phase 2 trials demonstrate higher pCR rates in patients with PD-L1 positive tumors compared to PD-L1 negative tumors [24, 32] .
